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1. I n t r o d u c t i o n

In recent years there  has been a growing interest in the role of seabirds

as consumers in m a r i n e ecosystems. TWO approached have been used for

estimating the trophic demand of birds, those  based on -the energy consumption

at a colony (Furness. 1978, Wiens et al. 1979,’ Croxall and Prince 1981, Furness

and Cooper: 1982) and those based on the "energy requirements” o f  the biomass
   

of birds using some oceanic  region ( Sanger 1972, Idyll 1973, Wiens and Scott

1975, Everson 1977, Mougin  and Prevost 1980, Hunt et al. 1981, Jouventin

and Mougin 1981  Schneider and Hunt 1982, Schneider e t  al. MS). Although 
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  most - authors have used the allometric equations of Kendeigh (1370} or Lasiewski 

and Dawson (1967) to convert avian biomass t o energy required, others have

used a fixed percentage of body weight as a crude estimate of needs (Hunt

et al. 1981) or weight

see Schneider and Hunt

It is of interest

loss during starvation [ (Jouventin and Mougin 1981),

( 1982) for a comparison of methods].

to compare estimated carbon flux to birds in pelagic

and near shore (colony) situations. Within the northern hemisphere, attempts

at modeling carbon budgets in offshore marine ecosystems have assumed that

birds play a distinctly minor role in marine carbon cycles (Andersen and

Ursin 1977, Laevastu and Favorite 1981, Walsh et al. 1981). In contrast,

colony-based studies provide evidence that consumption by breeding birds

in the vicinity of colonies may be considerable (Furness 1978, Wiens et al.

1979, Fumess and Cooper 1982), and may be influenced by competition with

man (Furness 1983).

These comparisons of carbon flux to birds between pelagic and near shore

areas gain added interest when made between the northern and southern hemisphere.

The taxa and size classes of seabirds found in the two hemisphere vary greatly.

When compared with estimates  of local productivity, comparisons between the
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of birds, and a clearer understanding of the ability of birds

marine ecosystems. Unfortunately, the data required for such

trophic roles

to exploit

comparisons

 beginningg for such comparisons based on recently  completed pelagic counts

and Seasons.

2. M e t h o d s - ’

If useful comparisons .-are to be made between the -northern and southern

hemispheres , data from simiiar latitudes and seasons should be used since

there are marked differences in seasonal and latitudinal distributions of

birds ( Shuntov 1972). To this end, the bird densities within 60 kn of four

colonies (is lands ) in the Bering Sea, St. Lawrence Island (63~, 169”-171°W],

St. Matthew Island ( 60°N, 173 “W) and the two main Pribilof Islands together

(St. Paul 57”N, 170”W and St. George 55”N, 169”W) , have been selected to

compare with the density of birds within 60 km of the South Orkney Islands

(Fig. 1), the only high latitude southern hemisphere colony for which there

is presently comparable data. The distance of 60 km was chosen arbitrarily

as the distance within which there was reasonably good coverage of bird

distributions , although it is recognized chat birds from colonies in both

hemispheres fly further than 60 km in search of food (Croxall  and Prince

1980, Hunt et al. 1982). Data from similiar seasons are presented (Bering.

Sea - August, September, Southern Ocean - February, March), although a broader

range of seasonal coverage is also presented for the Bering Sea.

Pelagic distributions of birds for the four domains of the southeastern

Bering Sea shelf in Bristol nay in August - September have been selected
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to compare with distributions of birds documented in early March 1983 over

the southeast Argentine continental  shelf (Fig. 1). Four distinct
 

oceanographic domains have recently been identified in the Bering Sea (Kinder

add Schumacher 1981) and carbon flux to birds in these domains reflects

interdomain differences in carbon flow (Iverson et al. 1979, Schneider and
  

H u n t  1982, Schneider et al.  MS) Data are unavailable to make similar

oceanographic

from

side

were

distinctions on the Argentine shelf. Data from a 9 March 1983

southern hemisphere are compared with those from a cruise from

Setember l98O in the Bering Sea..

Bird densities were measured by counting birds within a 9@ sector

abeam of the ship t o  directly ahead and extending out 300 m to the

with the best visibility while proceeding at a known speed. Bird numbers

then divided by the area surveyed in each 10 minute period of observation

to obtain densities (Hunt et al. 1982). Ship following birds were excluded

from density calculations and no attempt was made to correct for ship-attracted

birds (Schneider and Hunt 1982) because independent assessment of densities

away from the ship using a helicopter was not possible in the southern hemisphere.

Energetic requirements of birds were estimated by calculating standard

metabolic rate (SMR), based on the equation for nonpasserine birds

(Lasiewski and Dawson 1967):

SMR = ,8-3 ~ 0.723

where SMR = kcal-day-i  and M = kg. Bird masses in the Bering Sea were obtained

from birds collected  in the study area and for species in the southern hemisphere,

from Jouventin and Mougin (1981). Food required by active birds was estimated

by multiplying SMR by the kcals needed per kcal SM R  (existence energy, 2.5 SMR,

MacMillen and Carpenter 1977, Weathers an d Nagy 1980, Schneider an d  Hunt 1982,
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an asiiiQM.azl‘on ~tio of “1-4 (Kendeigh et al. 1977), 5 &A*g-l dry weight

for fish (Nishiyama 1977) and” 0.27  g dry weight “g wet &ight-L for fish

3.1 Shelf_waters  away from colnies

The carbon demand of seabirds in Bristol Bay, Bering  Sea

found over the Argentine shelf for a comparable time of year,. .

than thaz-fmzld bi=tweendnmai.m s h the BeZing Sea (Table l).

of oceanographic data precluded assigning the Argentine shelf

was 1.59X tha~

a difference less

Although a lack

obser.?ations  co

domains -comparable co chose of the Bering Sea shelf, the cruise crack crosses

from deep water into the center of the shelf (Fig. 1). The similarity in

carbon demand between hemispheres is striking given the 2.4 fold higher

density of birds in Bristol Bay. However, the biomass of birds per unit

area in Bristol Bay was only 1.25 that in Argencirie  waters due to che smaller

average size of birds encountered in the north. This smaller average size

concribuced  to the proportionately greater carbon demand Zn the north due

to the allometric  nature of the merabolic equations.

The rate of carbon flux to surface vs subsurface feeding birds W2S also

remarkably similar in Bristol Bay and the Argentine shelf (Tzble 1). halysis

of carbon flux pathways in different domains of che Bering Sez shelf s.no~-

striking c“hanges between domains, with most carbon going co surface forzgers

irt the shelf-edge domain and to subsurface foragers in che inner domain (Tabie l).

In che shelf-edge and outer domains Northern Fulmars  (Ful.=iarus glacizi2s) were

the predominant consumers, while ia the middle and inner domains Short-tailed

Shearwacers (Puffinus cenuiroscris) that c~ok euphzusiids (Thysanoessa sp.) we=~

dominant.
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3 L UaSers near colonies . . .

SE. I.arr-ence Island supports colonies .in Ck ~ering Sea at a latitude

comparative - to the South Orkneys in the Southern Oceau, buc t&e was an
.----- -- .

inadeqyaze sa&le -for August -- -September, the period most comparable to

February - 2kmh & the s-. . SampleS f mm .$@rough@c  rhe breeding. s==m- - -. . ..- . . . ..-. .-

at - SC. L&&e “were” tiereioie compared with those from near the * af ,-
,. ..-.  . . .. —-:

the season -at .S&zth. Orkuey..

The biomaes of birds per. km2 @thin 60 km. of X. Lawrence Island was

1.11X that near the South Orkneys, a

meager sampling. .&fort ~vtible for

energy consumption by birds near S c.

the South Orkneys due to the smaller

(mean mass, 305 vs 1581 g“bird-~ ).

remarkable similarity given the rel.acively  -

the two island-s (Zable 2)* However,

Lawrence Island was 1.74X Chat near
:

size of the birds near St. Lawrence

-2Near the South Orkneys, major differences in avian density, biomass ‘km

and carbon flux co birds were found between waters less than and greater than

1000 m in depth. Density over

‘2, N=169waters (24.5 birds-km

was three times greater on che

the deeper waters was half that over shelf

counts vs 50.9 birds-km-2 , N=69 counts). Biomass

-2shelf (9.0 x 104 vs 2.9 x 104 g“km ) as =2s

carbon flux (15.4 x 10‘4 Vs 4.7 x 10 -4 g C“m-2”aa+-1). Birds over the shelf

-1were of greater mass on average (1767 vs 1166 g“bird ) and the most im?ortant

contributors of biomass were Pygoscelis Antarctica, F. glacialoiaes  and

Diomedia melanophris. These sane three species were also the most inportani

over deeper water, but in addition there was a dramatic increase in ?achycila

desolata (3.1 to 8.7 birds”km-2].

For waters near all colonies examined, the major biomass of birds was

concentrated in subsurface foragers (Table 3). In the Bering Sea these =e:e

represented by murres (Uris sp. ) and small auklezs (priaarily .Aezlhia  sp,) .
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Near the Sotxth Orbey hlands Chinszrap PenguiQs (~. Antarctica> rio~ed. At

South Georgia Island, where surface fora~g birds predominate on the CU1.onies,

(Cmxau, pers. ConmL).

represented by Black-browed  Albacross (Q. meknophris ), whose closest large

breeding colony is on Somth Georgia Isbnd. In con.trasz,  ac S.t. Uwr~Ce

and SE. Matthew Islands An the Bering Sea, relatively little of ~he a-by

avian biomass was repreemed by birds other Ehan those sssociaced with these

colonies+ Ikxrever, near the Pribil.of  Islands and CO

migrant shearwaters (Puff inus Sp. ) from the southern

significant concribucion to avian biomass.

Lhe south in ErisZol Bay,

hemisphere made a

The values of biomass and carbon flux to birds near colonies in eizher

region must be treated with great caution. Comparison of data frtm the Pribilof

Islands from the entire season with those from che end of tne seasoz strew a

twofold decrease in

of murres and Least

(Hunt et al. 1982).

carbon demand (Table 2). This drop reflects che departure

Auklecs (Aethia pusilla) during the latter part of August

Similar seasonal changes may influence birti cauncs around

Sc.

may

Lawrence Island.

The biomass of birds supported by the nearshore waters of che soczh

have been underestimated for two reasons (Trivelpiece, pers. tom-).

Orkneys

Adelie

Penguin populations there are large, buc che birds had departed for nod~ing

grounds on che Veddell Sea ice pack prior co our visit. Thus, due co the time

of our census, approximately one half of the penguin biomass was absent.

Additionally, we may have underestimated Chinszrap Pe~gui.n populations . Failed

breeders and pre-breeding  younger birds are ashore rioulting  YZ ~~d-?ebr,~ary co

mid-?larch and successful breeders nzy concenrrzze  foragi~.g CL9S*= :0 i?.e islarui
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than we were able to survey adequately. It is h-d to estimate the effect

of these sampling problems on the comparison between hemispheres, especially

since simU.ar arguments in modified form may apply to the waters -mzar the

Bering Sea colonies.

Mditioually,  for large islands where colonies are restricted to a limited

ar~,such as at SC. Lawrence and SC. MatthewIslands, the disttihution of suney

e.ffom can greatly ~=fect density estimates. Cruise tr=@.s w-e uuc identicd

on the two St. Matthew cruises and this may partly explain the 1.7 difference

in carbon demand. Local patchiness in bird discribucion may also contribute

to variance if sampling effort is small ( c 50 km2 saapled).

4. Discussion

This paper represents a preliminary

biomass, and carbon demand between areas

and at roughly equivalent seasons in the

attempt to compare seabird densities,

of roughly equivalent latitudes

northern and southerm hedspheres.

Densities were generally lower in the southern hemisphere for sitiar

situations (close to colony, removed from colony), but because souzhern

hemipshere birds were on che average larger, biomass per unit area was

remarkably similiar between the two hemispheres. Carbon flux co birds

was , if anything, lower in the southern hemisphere due to allomeczic

considerations. This result” suggests that, in relation to their ability co

scpporr marine birds, the wsters szudied in the

Bay of the Bering Sea were roughly equivalent.

for a higher productivity with respect co birds

shelf waters away from colonies (Bristol Bay VS

problems were less severe Khan near c~lonies.

Scotia Sea arid in 2riscol

There was certainly no support

in che Southern Ocean over

.4rgencinz Shelf) where saz?ling
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The notion that bird Mfe maY be more abundant in the Sotihe= ocean may

result from the imaease  numbers of birds fnund breeding on the larger smb-

AKIts.rcric islands smch as Somh Georgia. Seabirds on Sow.th Georgia req~e

4.6 X 10 6~ c- -of fod each hreting season (CrQ et al.. in pre5s ),

,: Conlpaced co 5..4 x lt15 metrkc #n.a per breeding season on ti2e Pxihilofs (~
. .

et -al. 1979). While at pr- we lack sufficient data ta clxazzc~ze  the

area uf ocean reqzired to support che bird populations on South Georgia,

albatrosses breeding there forage over vast areas of oceam, frequently 900-2650

km from their col~rdes  bazd an the calculations of Croxdl and ~imce ( 1980]

and observ~s (Hum and V.ei> p=s. ohs.. ) of marked binis from South

Georgia in the vicinity of the South Orkneys. In concras t, btid densities

at sea are sufficient co account for all foraging by Prihilof Island birds

within 110 km of the islands, although it is reasonable to assune fulmars

and kittiwakes (IUssa SP. ) fly greater distances in search of food. The

southern hemisphere colonies may be larger because the procellariiformes

chat nest there are adapted to search for food over greater distances tha~

is true for most northern hemisphere species. This ability is made possible

not only by their lower wing loading (Ainley ec al. 1974, CroxaU and ?rince

1980, Jouventin and Mougin 1981) but also by the adaptation of rheir chicks

to survive periods of fasting while parents search for food (Croxall  aad

Prince 1980).

It is also interesting to compare pazhways  of c.zrboz flux to birds

in different ocean regions or doaains. Schneider and Hunt (1992) found

significant differences in the extent of carbon flux to surface and subsurface

feeding birds in the domains of the shelf waters of che Sering Sea. ‘?hese

results have been confirmed and extended “by rece~.c work (Schne&der e: z1. Y.S) ,

The results presented here, based on a single cruise chasen because of izs
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seasonal correspondence with the survey over the Argenxtiae s~~ reflects,
.,

in part, the patxern observed in the inure ca=prehensLve smdies.” The
,..

similarities in bird bi~maes and in che ratio of surface to sub=~ace -bun

flux to birds suggeetthat processes si~lar to-those found in rhe Ber~ Sea ‘“
. . . .

shelf may be found in the waters off Argentina. . .
.

The predominance of”subsurface  foragers in waters ~ colonies is

undoubtedly the result of a combination of factors (Croxall and Prince 1980).

In the north, wing loading of alcids is greater than that of the surface foraging
—

procellariformes and gulls and thus the greater co$t of f~fing ~o~d re~=icz
.

alcid use d distant foraging grounds (Cody 19731. Similar energetic arg&nents

would apply to pen@”ns in the southern hemisphere. Additionally, subsurface

foragers can pursue prey through a large portion of the inshore water column,

while surface foragers are restricted to catching prey when they zre near Cbe

surface. One might expect that surface foragers would be at’a competitive

disadvantage to subsurface foragers when foraging in inshore watezs.

Our data sets for regions other than Bristol Bay and the Pribilof

Islands are small and the numbers presenzed here must be considered provisional.

However, the prospect of making quantitative comparisons between bird faunas

. . of the northern and southern hemispheres is exciting. These comparisons

provide a“new tool for examining the bird cocmmiiies  of the  iwo

their adaptations. The comparisons may also lead to new insights

of marine ecosystem in the cwo regions.

regions and

about the ayn~cs
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‘1’able 3. Species contributing major portton of biomass (103

Fulrnarus glaci. alis

Puffinlls sp.

Rissa sp.

Uris sp.

Ael.hia pusilla

o~hcr small auklets

Fra[ercllla cornlculatn

[’RIUILOFS

Nay-oct

biomass %

3.28

3,68

3*29

!31.34

0.55

0.63

0.37

3

4

3

87

1

1

<1

l)~omcdl.a mclnnopllris

Nacroneclcs  fllgnntcus
—. . . - . . . - — —  .  .  .  .  . . — — .

Fulmarus glacj.alo~des

I)aptl.on  capensis——

l’ilClly]ll.J.1~  dCSOliltil-— —

1’RIBILOFS ST. MATTHEW

Aug-Sept May–Ott

biomass % biomass %

2.39 4 3.19

6.36 12 0.39

2.95 “ 5 0.97

40,40” J 4 63,03

0.03 <1 ‘ 0.80

0.32 1 2.08

().45 1 1.00

SOUTll 0RKN1I% IS1,ANDS

blomtiss

N),42

8.96

2.55

1.74

21,08

1*3I

1,27

g“km-z) near co.lonles.

ST, MATTIHW ST, LAWRENCE

AL~g-Sept

bhqnass %

0,56 <1

0.91 1 ‘

1.07 1

98.21 85

4.05 3

7.61 7

~e64 2

x

(ii

9

3

2

21

1

I

May-oct

biomass % -

0,8S i

(),00 o

3*93 4

99.86 51

13.71 12

33.73 31

0.34 <i

.
4

.
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Figure Legend

Figure 1. Czmfse tracks on the Argentine shelf and near ‘h S-h Ur&ey Islarnds.
Observations were made on a continuous basis along the Ities indicaced.
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